In this paper, a resonant pyramid microwave absorber with EPS particles (the particles of Expanded Polystyrene) as the base material was studied. Its wave absorbing property was tested experimentally and the cut-off frequency and cut-off wavelength of the absorber were deduced. The findings show that when the content of carbon black (CB) is 4%vol. and the height of pyramid is 600mm, the wave absorbing property of the absorber can reach its optimal value, which is below -40dB in the frequency range 2.6 ~ 18GHz.
INTRODUCTION
Electromagnetic wave (EM-wave) absorbing materials is a valuable topic for military purposes and is also of increasing interest in the business field. In the absorbing materials design, weight, thickness, absorptivity, environmental resistance, mechanical strength, etc. are the main elements that have to be taken primarily into account. Developing absorbing materials with good absorptivity which are light and have wide a frequency band is the main purpose of this research /!/.
In previous research of pyramid absorbing materials, the development of magnetic absorbing materials using magnetic loss was widely achieved. The ferrite based EM-wave absorbers made up the main stream of the research activities of absorbing materials and they had good absorptivity in the low-frequency stage. But the critical weakness was that they were heavy for the ferrite based EM-wave absorbers 121. Later, the research of dielectric absorbers using dielectric loss was widely applied to pyramid absorbing materials /3/. Dielectric absorbers have a weight advantage but do not match up to the absorptivity of magnetic absorbers. These two loss materials, each with different advantages and disadvantages, can be used compounded. However, the heavy weight of the material is still a problem/4/.
In this paper, new resonant large-scale pyramid absorbers based on EPS particles using an anechoic chamber are made experimentally. The influence of content of carbon black and pyramid height on absorbing property is analyzed theoretically. Since the EPS particles, being polymer with low density, are well coated with CB, the pyramid absorbers have a light weight and have good absorptivity by the dielectric loss.
EXPERIMENT

Materials
Starting materials used in this study were EPS particles with a diameter of 3 mm (EPS, produced by Table 1 .
The reflection loss of samples is measured in the anechoic chamber using an HP8350B sweep oscillator and AV3617 network analyzer. The frequency bands tested are 2.60 18GHz and the plot of absorbing property and frequency is illustrated in Fig.2 and Fig.3 . of CB is 4%vol. When the content is 2%, its absorbing property is worse than 4%. This is because the content of CB is so low that the electric conduction network is unformed, the reflection loss is mainly by the damped vibration of CB particles, and this loss is not optimal.
As the content of CB increases, the network of electric conduction is formed gradually. When the CB content is 4%vol, the network is already formed and there is eddy current which transforms electromagnetic energy into heat energy. For one EPS particle, the resonance occurs between the incident wave and the back wave, and then the wave is attenuated by the conducting layer. When the EM-wave transmits into the absorber, it is weakened by the multiple reflections between EPS particles and then is absorbed by resonance, which causes this pyramid absorber to have higher absorption than J.-Ζ. Du et al.
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conventional pyramid absorbers. But when the CB content increases to 6%, the input impedance matching is destroyed and most of the incident wave is reflected, and the absorptivity of absorber is decreased. Figure 3 shows the reflectivity of samples 2#, 4#, 5#
Influence of the height of pyramid
with different height of absorber and the same CB content of 4%vol. in the frequency range 2.6 ~ 18GHz. their process is complex and the pyramid is too high when used at low frequency 151. Compared to polyurethane absorbing material, with the same height, the resonant microwave absorbing material has a lower reflectivity, and it also has advantages of low cost, simple manufacture process and less weight.
Calculation of cut-off frequency
The absorbing pyramid can be equivalent to a column waveguide by the equal height and the equal capacity. From the classical electromagnetic theory, using circular cylindrical coordinates!) the expression of EM-wave can be defined as follows 161:
To TE mode: (1)
To TM mode: 
where K c is the wave number.
To TE mode, the cut-off frequency can be expressed as: It is obvious that the higher the absorber, the more EPS particles and CB particles, and the more reflection loss of damped vibration and multiple reflections. This is why absorbing property of samples 2# and 5# is better than sample 4#. The reflectivity of sample 5# is not lower than sample 2# obviously; and this is mainly because the sample 2# absorbs most of the incident EMwave and when the height of absorber increases to 1000mm, it is no improvement for absorbing EM-wave.
But the reflectivity curve of sample 5# is relatively flat while the reflectivity curve of sample 2# has much sharp peak values.
Although the urethane pyramid absorbers have been applied in microwave chambers for several decades, 
And the cut-off wave length can be expressed as:
where a is the radius of column, μ and ξ are permeability and permittivity of the absorber, respectively, and q mn is the discrete zeros of Bessel function.
Obviously, the lower the cut-off frequency, the wider is the frequency band. But excessive CB makes incident wave difficult to penetrate into the material, which leads to bad absorption of the EM-wave. As is discussed above, when the content of CB is 4%vol., the absorbing property is optimal.
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CONCLUSION
The resonant wave absorber has a good absorbing property and a wide frequency range. Its advantages of little weight, wide frequency band and good absorbing property make the application of this resonant absorber in the microwave chambers profound signification.
